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Distributed Generations (DGs) employing renewable energy resources have emerged as an 
environment friendly solution for meeting consumer demands locally, without posing much 
burden on transmission network. Optimal placement of multiple distributed generations helps in 
minimizing transmission losses, and thus improves voltage profile and reduces loss of revenue as 
a result of energy wastage. In this paper, a modified Grey Wolf Optimization (GWO) has been 
proposed for optimal placement of multiple DGs where DG location has been taken as integer 
variable whereas, DG size and its power factor (in case of Type-3 DGs injecting both real and 
reactive power) have been considered as continuous variables. Multiple DGs have been placed to 
minimize real power transmission loss and improve voltage profile. Simulations have been 
carried out in MATLAB R2018a environment on a standard 33-bus radial distribution network. 
Real power loss and voltage profile with optimally placed DGs using proposed approach have 
been compared with the values of these variables under DGs placement based on existing 
approaches. It has been observed that proposed approach of DGs placement is more effective 
compared to existing approaches in minimization of real power loss as well in enhancement of 
voltage profile of buses.  

Keywords: Distributed Generation, Optimal placement, DG types, Power loss minimization, Voltage 

profile improvement. 

 

1. Introduction 

 

The day by day increase in electrical power demand as load is increasing rapidly has 

rendered the existing central generation and transmission network unable to manage such a 

large burden. This increasing power demand has challenged the power engineer to maintain 

the power system reliably, securely as well as economically. Hence it is clear that either 

increasing the capacity of existing transmission network or production and supply in a 

small scale near the load center can cope up with these issues. Power production of small 

generation units dispersed across the power grid or networks is defined as Distributed 

Generation (DG) [1]. These power producing technologies have led the multi-dimensional 

research opportunities in the field of Distribution system operation and planning [2]. Apart 

from traditional large-scale power generation utility, distributed generator installation near 

load center requires very less capital, operation and maintenance costs. Renewable energy 

technology based distributed generators are environment friendly. 

Placement of distributed generators changes the flow of power in the network and thus 

results in change in network losses. It has been shown that poor power factor, size and 

location of DG results in increased distribution losses compared to optimally placed DG [3-

5]. Effective placement of DGs may lead to reduction in distribution network power loss, 

thus saves the revenue involved. Several works have addressed loss minimization using 

optimally placed distributed generators. A utility and consumer benefitted Distributed 
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Energy Resources (DER) allocation strategy based on nature inspired elephant herald 

optimization technique has been proposed [6]. N. Kanwar et. al. presented simultaneous 

placement of DERs and shunt capacitor using improved version of meta-heuristic particle 

swarm optimization to minimize power loss [7]. A two stage DG allocation with enhanced 

Taguchi Method (TM) has been proposed where DG location is decided using roulette 

wheel criterion and its size is optimized with improved TM [8]. A modified Cuckoo search 

algorithm based on Genetically Replaced Nests is applied for loss reduction and voltage 

profile improvement on benchmark networks considering different numbers of DGs placed 

in the system [9]. Optimal location and size of DGs with reconfiguration has been obtained 

for optimal performance of distribution network using non-dominated sorting Genetic 

Algorithm and Energy Not Supplied (ENS) to minimize power loss and associated cost 

[10]. The concept of network reconfiguration by opening and closing the tie switches and 

maintaining the radial nature of distribution network to minimize the losses and voltage 

deviation has been proposed [11-14]. Analytical expressions have been proposed for 

finding optimal size and location of DGs to minimize distribution loss and improve voltage 

profile of buses [15-17]. Placement of multiple DGs using Improved Analytical (IA) 

method has been proposed for loss minimization and voltage profile improvement [18]. A 

hybrid method for loss minimization using multiple DGs has been proposed [19]. A Grey 

wolf optimizer (GWO) based search algorithm have been studied in [20-21] to optimally 

locate the multiple DGs of supplying real and reactive power and their combination to 

reduce the reactive power losses and voltage deviation. Energy Storage location and size 

based on GWO technique to reduce the annual cost has been studied incorporating Energy 

not supplied in [22]. Photovoltaic (PV) and Wind based renewable energy resource 

placement have been done in [23] to reduce the real power losses using GWO as 

optimization technique. 

Though many researchers have addressed the issue of loss minimization and voltage 

profile improvement in distribution networks, effort is required to be made in further 

reduction of power loss and improvement of bus voltage profile in order to improve 

efficiency of power distribution, and in delivering quality power to consumers. In this 

paper, optimal placement of multiple DGs using modified Grey Wolf Algorithm (GWO) 

has been proposed. DG locations have been considered as discrete variables whereas, DG 

size and power factor (in case of Type-3 DGs injecting real as well as reactive power) have 

been considered as continuous variables in proposed modified GWO algorithm. DGs have 

been optimally placed to minimize real power loss in the distribution network and improve 

bus voltage profile as a result of loss reduction. Backward-forward sweep load flow [24] 

has been used to calculate bus voltages and power loss. Case studies have been performed 

on a standard 33-bus radial distribution test system. Efficiency of proposed approach of 

multiple DG placements in loss reduction and voltage profile improvement has been tested 

by comparing power loss computed under multiple DGs placed in the system by proposed 

approach with loss when DGs are placed by IA method [18] and hybrid method [19]. Bus 

voltage profile obtained under optimally placed DGs by proposed approach has been 

compared with profile obtained when DGs are optimally placed by IA method [18]. 
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2.  Methodology 

 

Proposed approach considers a modified Grey Wolf Optimization (GWO) that finds 

optimal location, size and power factor of multiple DGs to be placed in a radial distribution 

network to minimize real power loss in the network, and to improve bus voltage profile as a 

result of loss reduction. 

The complex current  through branch-k of a radial distribution network is given by; 

   ∀  beyond branch  (1) 

where,  represents load current at bus-  and is given by; 

 

  (2) 

where,  and  are real and reactive power load demand at bus-n and  is 

conjugate of complex voltage  at bus- . 

The real power transmission loss is given by; 

 

  (3) 

where, 

= magnitude of current in branch-k 

= resistance of branch-k 

nb = number of branches present in the radial distribution network 

Complex bus voltages have been calculated using load flow utilizing backward forward 

sweep algorithm [24] for given real and reactive power demands. 

Present work minimizes real power loss  using optimally paced DGs subjected to 

constraints: 

 

 (4) 

 

 (5) 

 

 (6) 

 

 (7) 

where, 

 = Magnitude of voltage at bus-i 

 = Minimum limit of bus voltage magnitude at bus-i 

 = Maximum limit of bus voltage magnitude at bus-i 

 = Maximum limit of current magnitude in branch-k 

 = Size of DG to be placed at bus-j 

=Maximum limit of DG size to be placed at bus-j 

= Location of first DG to be placed in the system 

= Location of second DG to be placed in the system 

= Location of third DG to be placed in the system 
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Due to high capital cost involved in installation of multiple DGs, present work has 

considered placement of a maximum number of three DGs in the system though the 

proposed approach may be used for placement of higher number of DGs, too. In this work, 

placement of Type-1 DGs (injecting only real power to the bus), Type-2 DGs (injecting 

only reactive power to the bus) and Type-3 DGs (injecting real as well as reactive power at 

optimal power factor) has been considered. Optimal location, size and power factor of DGs 

have been obtained based on results of modified GWO algorithm which is described below: 

 

A. Grey wolf Optimization (GWO) 

Like other evolutionary ones, this algorithm models the hunting behavior of grey wolfs 

and starts with an initial population of these hunting wolfs. Population individuals called 

wolf are subdivided into alpha beta, delta and omega wolfs. These wolves attack the prey 

based on their individual location and distance from the prey. Encircling, hunting and 

attacking the prey are the three important steps for the prey hunting [25].  

1) Encircling: Encircling of the prey by grey wolf is modelled as; 

  (8) 

 

 (9) 

 

where,  is distance between grey wolf and prey,  is current iteration,  and  are 

coefficient vectors,  is the position vector of the prey, and  indicates the position 

vector of a grey wolf. The coefficient vectors  and  are given by; 

 

  (10) 

 

  (11) 

where, coefficient of acceleration  is decreased linearly from 2 to 0 throughout the 

iterations.  and  are random vectors in [0 1]. During the encircling the prey changes its 

position and try to get away from the wolves, vectors  and  updates the position of a 

wolf according to that of changing position of the prey [25] and brings the position of wolf 

closer to prey. 

2) Hunting: The alpha wolf is superior to the entire wolves and leads the hunting of 

prey in association with beta and delta wolves. The beta and delta wolf follows the 

alpha wolf in hunting. To represent the hunting phenomena during the iteration 

process, the best candidates considered first as solutions are alpha, beta and delta 

wolves. The fourth search agents i.e. omega wolves update their positions in 

association with and according to the best search solution obtained from alpha, 

beta and delta wolves. Mathematically this can be modeled as:  

 

 
(12) 
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(13) 

 

 

(14) 

3) Attacking: In this phase, the wolves take the position of prey without letting the 

prey to change its position and assault it. The vector coefficient  in mathematical 

modeling depicts the approach of the victim and plays a key role and its vacillation 

range gradually reduces by acceleration coefficient vector  as the wolf moves 

closer to the prey. In general, vector  changes its value in the interval ] 

randomly, and is governed by decreasing the value of vector  from 2 to 0 linearly 

throughout the iterative process. During the attack modeling the position of a 

solution candidate, the succeeding location/position of a candidate solution/wolf 

will be somewhere in between of its current location and the location of prey, if 

the random value of vector  lies in the range . The absolute value of 

vector  ensures the convergence of solution candidate if it satisfies Eq. (15) ; 

otherwise there is no solution as the candidate diverges away from the prey if the 

absolute value follows Eq. (16) and definitely a optimally best prey will be 

evolved as final solution with this algorithm. 

 (15) 

  (16) 

4) Adaptive acceleration coefficient:The acceleration coefficient vector  controls the 

exploration and exploitation process and balances it with adequate value. A larger 

surface area for exploration results in sluggishness and increased chance of 

stagnation to be trapped in a local optima, and hence an enhanced rate of 

exploration can be achieved by decreasing the acceleration coefficient vector 

exponentially rather than linearly with increasing iterations, where the acceleration 

coefficient is varied adaptively throughout the iterations and is given as; 

 
(17) 

where,  and  are current and maximum iterations count respectively, during the 

optimization process adopted. 

 

B. Application of modified GWO to DG Placement 

DG sizing and allocation includes discrete and continuous variables, as the location of 

installation of DG is discrete in nature while size and power factor are continuous.  

Implementation of modified GWO algorithm is evolutionary population-based algorithm 

inspired by the social behavior of grey wolf. The optimization algorithm starts with random 

generation of wolf (DG location, size, and power factor) initial population and as the 
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process goes on based on the prey’s location, these population further get subdivided in to 

alpha beta and delta wolves. Different steps involved are as per following: 

• Step 1: Input the system data line impedances and load data, network configuration, 
optimization parameter such as initial search agents/population, number of 
maximum iterations etc. Each search agent consists the following: 

 

(18) 

• Step 2: Start the iteration, find the fitness value corresponding to search agents and 
based on its position assign it as alpha, beta or delta wolf and update the 
corresponding fitness. 

• Step 3: Update the position of each search agent taking the average of position of three 
best agent wolves obtained so far. 

• Step 4: Repeat step 2 to 3 for all other search agents till the final iteration. 

• Step 5: Store the final search agent as the optimal solution and terminate the search 
process. 

Applying the above procedure, single and multiple DG placement for different types viz. 

Type-1 (injecting only real power), Type-2 (injecting only reactive power) and Type-3 

(injecting both real and reactive power), has been obtained. Present work has taken the 

number of search agents and maximum number of iterations as 50 and 100, respectively, 

considering these values to be sufficiently high. 

 

3. Case Studies 

Proposed approach of optimal placement of multiple DGs was tested on a 33 bus, 32 

branch radial distribution network [14] consisting of real and reactive power demand of 

3.715 MW and 2.3 MVAr, respectively. Simulations were carried out in MATLAB R2018a 

environment. Optimal location, size and power factor (in case of Type-3 DGs) were 

obtained based on results of modified GWO algorithm. Optimal location, size and power 

factor of DGs were also obtained using Improved Analytical (IA) method proposed in [18] 

and Hybrid method proposed in [19]. Bus voltages and real power loss in the network for 

the without DG case, and with Type-1, Type-2, Type-3 DGs at one, two and three locations 

were calculated using load flow with backward-forward sweep algorithm [24], for the 

proposed method as well as two existing methods considered (viz. IA method [18] and 

Hybrid method [19]). 

Real power loss in the network in the absence of DGs, and optimal location (the bus 

number where DG is to be placed), size and power factor (in case of Type-3 DGs) along 

with real power loss in the network with one, two and three numbers of Type-1, Type-2 and 

Type-3 DGs have been shown in Table I for the proposed method, IA method [18] and 

Hybrid method [19]. Table I also shows percentage loss reduction for each case of DG 

placement. It is observed from Table I that DG placement by proposed approach results in 

higher reduction in real power loss compared to two existing methods except in the case of 
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three numbers of Type-3 DGs that has highest loss reduction by Hybrid method [19]. 

Though, loss reduction by proposed method has slightly better results compared to Hybrid 

method proposed in [19] for most of the cases of DG placement, it may lead to considerable 

saving in revenue if considered for the whole year. 

Table II shows minimum and maximum bus voltage magnitudes with corresponding bus 

numbers in case of DG placement by proposed method as well as IA method [18]. The 

difference between maximum bus voltage and minimum bus voltage (i.e. range of voltage 

variations among buses) has also been shown for different cases of DG placement. It is 

observed from Table II that DG placement by proposed approach yields better voltage 

profile for most of the cases. 

It is observed from Table I and Table II that Type-2 DGs (injecting only reactive power) 

are least effective in power loss reduction as well as in voltage profile improvement, 

whereas, Type-3 DGs at optimal power factor are most effective. This may be due to high 

R/X ratio of distribution lines where real power along with reactive power are to be injected 

to minimize power loss in the network and improve voltage profile. 
 

   TABLE I: Real power loss reduction by single/multiple DG placement (33 bus Radial Distribution System) 

Cases 

Proposed Approach IA Method [18] Hybrid Method [19] 

Size (Location/ 

Location, pf) 

MVA/MW/MV

Ar 

Loss 

(kW) 

% 

Loss 

Reduct

ion 

Size 

(Location/ 

Location, pf) 

 

MVA/MW/M

VAr 

Loss 

(kW) 

% Loss 

Reductio

n 

Size (Location/ 

Location, pf) 

MVA/MW/MV

Ar 

Loss 

(kW) 

% Loss 

Reducti

on 

No DG 

in the 

system 

NA 211 NA NA 211.2 NA NA 211 NA 

T

y

p

e

-

1 

1 DG 2.5902 (6) 111.01 47.40 2.601 (6) 111.1 47.39 2.49 (6) 111.17 47.31 

2 DG 
0.8522 (13), 

1.1581 (30) 
87.16 58.70 

1.80 (6), 

0.72 (14) 
91.63 56.61 

0.83 (30), 

1.11 (13) 
87.28 58.64 

3 DG 

07698 (14), 

1.0677 (30), 

1.0948 (24) 

72.78 65.50 

0.90 (6), 

0.90 (12), 

0.72 (31) 

81.05 61.62 

0.079 (13), 

1.07 (24), 

1.01 (30) 

72.89 65.45 

T

y

p

e

-

2 

1 DG 1.25 (30) 151.36 28.26 * * * 1.23 (30) 151.41 28.24 

2 DG 
0.4655 (12), 

1.0636 (30) 
141.82 32.78 * * * 

0.43 (12), 

1.04 (30) 
141.94 32.73 

3 DG 

0.358 (13), 

0.55 (24), 

1.05 (30) 

138.3 34.45 * * * 

0.36 (13), 

0.51 (24), 

1.02 (30) 

138.37 34.42 

T

y

p

e

-

3 

1 DG 3.1079 (6, 0.82) 67.85 67.85 3.107 (6, 0.82) 67.9 67.82 3.107 (6, 0.82) 67.9 67.81 

2 DG 

0.9328 (13, 

0.73), 

1.559 (30, 0.90) 

28.5 86.50 

2.195 (6, 

0.82), 

1.098 (30, 

0.82) 

44.39 78.98 
1.039 (13, 0.91), 

1.508 (30, 0.72) 
28.6 86.44 

3 DG 

0.8490 (14, 

0.90), 1.4501 

(30, 0.71), 

1.1869 (24, 

0.89) 

11.75 94.43 

1.098 (6, 

0.82), 

1.098 (30, 

0.82), 

0.768 (14, 

0.82) 

22.29 89.45 

0.873 (13, 0.90), 

1.186 (24, 0.89), 

1.439 (30, 0.71) 

11.7 94.45 

NA – Not applicable,  *- Not considered  
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Voltage profile of buses with DG placement by proposed approach has been shown in 

Fig.1, Fig.2 and Fig.3 for Type-1, Type-2 and Type-3 DGs, respectively. It is observed 

from Fig.1, Fig.2, and Fig.3 that placement of three number of DGs results in better voltage 

profile compared to single DG and two DGs for all the three types of DGs. Fig.4 shows 

voltage profile of buses for all the three types of DGs placed by proposed approach. It is 

observed from Fig.4 that optimal placement of Type-3 DGs at three locations leads to best 

voltage profile compared to other cases. 

 

 

 

   TABLE II: Voltage Profile improvement by single/multiple DG placement (33 bus Radial Distribution System) 

*- Not considered  

Convergence Characteristics: In Fig.5 to Fig.13 convergence characteristics of different 

cases under study has been shown. The characteristic depicts that the modified GWO 

approach have performed well as compared to traditional GWO approach for the 

application of DG location and sizing. The proposed method converges well and achieves 

the objective function value in lesser no. of iteration. 

Cases 

Proposed Approach IA Method [18] 

Vmin in p.u. 

(bus no.) 

Vmax in p.u. (bus 

no.) 

(Vmax-Vmin) in 

p.u. 

Vmin in p.u. 

(bus no.) 

Vmax in p.u.  

(bus no.) 

(Vmax-Vmin) in 

p.u. 

Base Case 0.9037 (18) 1 (1) 0.0963 0.9037 (18) 1 (1) 0.0963 

Type-1 

1 

DG 
0.9424 (18) 1 (1) 0.0576 0.9425 (18) 1 (1) 0.0575 

2 

DG 
0.9685 (33) 1 (1) 0.0315 0.9539 (33) 1 (1) 0.0461 

3 

DG 
0.9687 (33) 1 (1) 0.0313 0.9690 (18) 1 (1) 0.0310 

Type-2 

1 

DG 
0.9165 (18) 1 (1) 0.0835 * * * 

2 

DG 
0.9304 (18) 1 (1) 0.0696 * * * 

3 

DG 
0.9306 (18) 1 (1) 0.0694 * * * 

Type-3 

1 

DG 
0.9584 (18) 1.0015 (6) 0.0431 0.9575 (18) 1.0007 (6) 0.0432 

2 

DG 
0.9803 (25) 1.0010 (30) 0.0207 0.9600 (18) 1.0031 (6) 0.0431 

3 

DG 
0.9914 (8) 1.006 (30) 0.0146 0.9821 (25) 1.0006 (14) 0.0185 
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Figure 1.  Voltage Profile for multiple Type-1 DG placement (33 bus system) 

 
Figure 2.  Voltage Profile for multiple Type-2 DG placement (33 bus system) 

 
Figure 3.  Voltage Profile for multiple Type-3 DG placement (33 bus system) 
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Fig.  4. Voltage Profile for multiple DG placement (33 bus radial system) 

 
 Fig.  5. Convergence Characteristic for single Type-1 DG 

 
Fig.  6. Convergence Characteristic for Two Type-1 DG 
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Fig.  7. Convergence Characteristic for Three Type-1 

 
Fig.  8. Convergence Characteristic for single Type-2 DG 

 

 
Fig.  9. Convergence Characteristic for Two Type-2 DG 
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Fig.  10. Convergence Characteristic for Three Type-2 DG 

 

 

 

 
Fig.  11. Convergence Characteristic for Single Type-3 DG 

 

 
Fig.  12. Convergence Characteristic for Two Type-3 DG 
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Fig.  13. Convergence Characteristic for Three Type-3 DG 

 

 

 

5. Conclusion 

 

This paper has presented a modified GWO based approach for optimal placement of 

Type-1, Type-2 and Type-3 multiple DGs to minimize real power loss and improve voltage 

profile in a distribution network. Present work has considered optimal placement of DGs up 

to a maximum of three locations considering capital cost involved though the approach may 

be utilized for placement of higher number of DGs. Power loss and voltage profile obtained 

by proposed approach has been compared with results obtained by two existing approaches. 

Case studies performed through MATLAB simulations on 33 bus radial distribution system 

show that proposed approach of optimal placement of multiple DGs by modified GWO 

method is quite effective in loss minimization and voltage profile improvement. Out of all 

the three types of DGs considered, Type-3 DGs placed at three optimal locations produces 

maximum reduction in power loss and best improvement in voltage profile. It has been 

found that the proposed approach gives the better results in lesser no. of iterations as 

compared to existing method. 
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